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One of the main goal of connectomics is to reconstruct the neuronal fiber network that exists
among brain regions. 3D-Polarized light imaging (3D-PLI) [1] allows to assess fiber
orientation and inclination angles in histological brain sections thanks to the birefringent
properties of the myelin sheaths. This optical method enables a fast analysis of fixed mouse
and human brains without any exogenous labeling. In this work, we employ an integrated dual
approach [2] that combines 3D-PLI with two-photon fluorescence microscopy (TPFM) [3] to
study the mixture of various fiber orientations within the sample (and voxel) of interest. We
exploit the higher axial and radial resolution of TPFM optical sectioning in combination with
a specific preparation protocol for myelin autofluorescence to perform the 3D reconstruction
of fiber orientation within each brain section. We demonstrate that the correlation between the
two methods permits to reconstruct areas of the brain with the possibility of characterizing a
specific sector of the sample at high resolution, below micrometer level, without exogenous
labeling. Our study shows that the integration of different techniques allows a label-free
analysis of brain connectomics, providing a novel tool for an implemented 3D reconstruction
of nerve fiber orientations in fixed samples.
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